INTRODUCTION
Neurospora crassa can grow on acetate as sole carbon source (Flavell & Fincham, 1968 a) . During growth on acetate, the glyoxylate cycle replenishes the tricarboxylic acid (TCA) cycle which generates energy and supplies metabolites to the biosynthetic pathways of the cell. The glyoxylate cycle enzymes, isocitrate lyase (ICL) and malate synthase, are present only in low (repressed) amounts during growth on sucrose, but on transfer of the mycelium to acetate, the specific activity of both enzymes increases to a higher (derepressed) level.
Fourteen mutants of Neurospora crassa which fail to grow on acetate and which lack ICL activity have been isolated (Flavell & Fincham, 1968a, b) . Malate synthase is present in these mutants. They form a single complementation group which maps at a locus designated acu-3 between asp and inos on linkage group V of the genome. The absence of ICL activity could be due to a defect in a structural or a regulator gene for ICL, or in a gene necessary for the proper integration of ICL into a cell structure (Woodward, 1968) . If acu-3 is a structural gene, acu-3 mutants may produce altered forms of ICL recognizable through changes in thermostability or kinetic properties or, in the absence of enzyme activity, as immunologically cross-reacting material (CRM). Mutation in an ICL regulator gene would alter the amount of ICL present without affecting its structure. Attempts to discover whether acu-3 is the structural gene for ICL are described below.
N-m e thy l-N'-nitro-N-nitrosoguan idine (NTG) treatment and isolation of revertants.
Five to 7 day conidia of an acu-3 inos strain were suspended in sterile water at a concentration of between 1o6 and 10' conidia/ml. The suspension was shaken with 0.1 mg./ml. of NTG at 30' for 12 min. This killed about 50 % of the conidia. The conidia were centrifuged, washed in water, and resuspended in acetate medium + inositol+ 0-I % agar to give 10 times the original volume of suspension. Two ml. aliquots were pipetted into tubes, incubated at 25O, and the cultures which grew tested for growth on inositol; inos+ cultures were discarded. The remainder were backcrossed to an acu-3 strain of opposite mating type. Single ascospores which grew on acetate were isolated, one spore being selected from each of the original revertant colonies.
Crossingprocedure. One strain was allowed to grow by itself on Petri dishes for 6 days after which the resulting protoperithecia were fertilized with about I ml. of a conidial suspension of the other strain.
Growth of Neurospora crassa. Mycelium for enzyme assays was grown in IOO ml. shake cultures of sucrose medium and derepressed in the same volume of acetate medium (Fincham & Flavell, 1968a) . Inositol (I mg./Ioo ml.) was added if required.
Enzyme assays. Extracts for assay were made by grinding mycelium with sufficient acid-washed sand and ice-cold ICL assay buffer to make a slurry. The slurry was centrifuged at 23,000 g for 30 min. and the supernatant used as a crude extract.
ICL and malate synthase were measured at 30" by the methods of Dixon & Kornberg (1959). For ICL, the reaction mixture contained, in 2.6 ml., 5 pmoles DL-isocitrate, ~opmoles phenylhydrazine HCl, 0.1 ml. enzyme extract and 0.1 M, pH 6.8, sodium phosphate buffer (ICL assay buffer) containing I mM-EDTA, 5 mM-MgC1, and 0.28 ml./l. of mercaptoethanol (Sigma type I). The increase in optical density at 324 nm. was measured. For the malate synthase assay the reaction mixture contained, in 0.4 ml. : 20 pmoles sodium phosphate buffer, pH 7.1 ; 2 pmoles MgCl,, 0.025 pmole acetyl CoA and 5 to 20 pl. enzyme extract. The fall in optical density at 232 nm. was measured. Units of enzyme were expressed as pmoles product per h. Specific activity of enzyme = pmoles product/h./mg. protein.
Protein was measured by a micro-biuret method (Itzhaki & Gill, 1964) . Identijication of the ICL band in electrophoresis gels. Acrylamide gel electrophoresis was carried out by the method of Davis (1964) . Crude extracts of wild-type myce-Structural gene for Neurospora isocitrute lyase 37 lium, after derepression of the glyoxylate cycle enzymes by transfer to acetate, showed the appearance of a strong protein band which was identified as ICL by running adjacent to purified ICL in a split polyacrylamide electrophoresis gel. Similarly derepressed extracts of an acu-7 mutant, thought to be defective in the a-oxoglutarate oxidase system (Flavell & Fincham, 1968b) , gave an even stronger ICL band after similar derepression; here the ICL was the most conspicuous protein in the electrophoretic pattern. Four acu-3 mutants, numbers 11, 21, 23 and 53, were tested in a similar manner but none produced any detectable protein band in the ICL position.
CRM tests. Antibodies were induced in a New Zealand White rabbit. An extract of acetate-derepressed Neurospora crassa in 0.02 M-sodium phosphate buffer (pH 7.4) + complete Freund's adjuvent was injected intrascapularly, followed by two more weekly injections of extract + incomplete Freund's adjuvent. The rabbit was bled a week after the last injection. Non-immune serum was obtained from the rabbit before the first injection. The blood was stood at room temperature for 12 h. and the serum was decanted, and centrifuged. It was concentrated by dialysing overnight against 24 % saturated fNH4),S04; the precipitate was dissolved in the minimum amount of 0.1 M phosphate buffer (pH 7.0) and dialysed against the same buffer.
The ability of the antiserum to inhibit ICL was demonstrated by incubating serum and ICL assay buffer in a total volume of 1.6 ml. with 0.025 ml. of an extract of acetatederepressed STA at 30" for 30 min. It was found that 0.05 ml. of serum inhibited 2-2 units of ICL by 40%. No inhibition was observed when extracts were incubated alone or with non-immune serum.
The ability of extracts of acu-3 mutants to protect ICL against anti-ICL serum was tested as follows. The strain under test was grown onsucrose medium and derepressed by transfer to acetate medium. The 0-1 ml. samples of extracts which showed at least a tenfold derepression of malate synthase were each incubated with 0.05 ml. of antiserum. Then 0.025 ml. of test ICL was added, and the mixtures were reincubated and finally assayed for ICL. The remaining activity of the test ICL was compared with the activity of ICL incubated for 30 min. at 3 0 ' with (a) 0.05 ml. antiserum and 0.1 ml. buffer, (b) 0.05 ml. non-immune serum and 0.1 ml. buffer, (c) 0.15 ml. buffer. The amount of CRM in the extracts was expressed as units of test ICL protectedlmg. of protein in the CRM extracts.
The amount of CRM in extracts of sucrose-grown and acetate-derepressed wildtype STA was also found. Amounts of STA extract were chosen so that their ICL activity was completely inhibited during the preincubation and so did not interfere with the assay of the test ICL. Double-dzflusion plates. The method of Ouchterlony (1953) was used.
Purijcation of ICL (I) Preparation of extract. STA was grown from a heavy conidial inoculum on sucrose medium in a IOI New Brunswick 'Microferm' fermentor jar, collected by filtration through muslin and then transferred to acetate medium for 6 h. before being harvested. The mycelium was frozen in liquid N,, homogenized in a Waring blender, and the frozen powder stirred into cold ICL assay buffer. The mixture was centrifuged and the supernatant was decanted and used as the crude extract. All subsequent operations were carried out at 4".
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(3) DEAE chromatography. The dialysed (NH,),S04 fraction was applied to a column of DEAE cellulose equilibrated with the 0-01 M-phosphate buffer and eluted with the same buffer. The breakthrough fractions contained ICL and were dialysed against the 0-1 M-ICL assay buffer with the addition of 5 M-glycerol.
(4) Sephadex gel. The active fractions from the DEAE column were applied to the top of a Sephadex G200 column equilibrated with the 0.1 M assay buffer and were eluted with the same buffer. Fractions containing ICL were run through the column again ; and the ICL-containing fractions from the second column were concentrated by pressure dialysis.
Studies on temperature sensitivity of revertants. Growth rates were measured at 25' and 37" in I cm. x 30 cm. growth tubes (Ryan, Beadle & Tatum, 1943) each containing 10 ml. of acetate or sucrose medium. To test the heat-sensitivity of ICL in vitro, extracts containing 2 to 3 mg./ml. protein were made from acetate-derepressed STA and revertants. Aliquots of 0.1 ml. were heated in a water bath for 8 min. Then 1-6 ml. of assay buffer at 30" was added and the mixture assayed for ICE.
RESULTS

ICL purijication
The progress of the purification is shown in Table I . The purified ICL gave a single band on polyacrylamide gel electrophoresis and a single band when run on a doublediffusion plate against antiserum to a crude extract of acetate-derepressed STA. It lost activity on freezing and thawing, and at 4" one preparation of the enzyme lost half of its activity in 14 days. Structural gene fbr Neurospora isocitrate lynse 39 mutants gave RO detectable CRM, or a level of CRM no higher than that found in sucrose-grown STA. These results were confirmed by double-diffusion plates. When extracts of acetate-derepressed STA acu-3 and pure ICL were placed in alternate wells round a central well containing anti-ICL serum, a continuous precipitin band indicating a component common to STA extract and pure ICL was observed. No band was observed with wells containing the same amount of acu-3 extract; indicating that the amount of CRM in acu-3 is less than the amount in acetate-derepressed STA. * These strains were isolated by mutation from inos-6-8A and still carried inos; they were grown with an inositol supplement. The other mutants were isolated from STA and were grown on minimal medium.
Revertant studies Since no altered ICL was detected in the original acu-3 mutants, we decided to obtain revertants from them which might produce ICL differing from 'wild-type ICL in heat-sensitivity or other properties. One hundred and ten revertants were obtained from acu-3 (115) and 29 of these were tested (a) for their heat-sensitivity at 2 5 O and 37" when growing on sucrose and on acetate medium, and (b) for the heat-sensitivity of their ICL in vitro at 45" and 50'.
Three main types of revertant were obtained; two groups, numbering 15 and seven and typified by 115 R6 and 115 R20 respectively, with heat-sensitive forms of ICL; and one group, numbering only two and including R48, with ICL similar to the STA enzyme ( Table 3 ).
The growth of 115 Rzo was somewhat depressed on acetate medium at 37" while 115 R 6 did not grow at all on acetate at this temperature. On sucrose 115 R6 and 115 R2o grew equally well at 25' and 37". All media were supplemented with inositol since the original acu-3 (115) strain carried inos. Most of the subsequent work was done on revertant R 6. Fig. I shows the rate of growth of acu-3 (115 R6), STA and acu-3 (115) on acetate, and Fig. 2 shows the heat-inactivation curves for ICL in extracts of R6, STA and in a mixture of R6 and STA extracts. Complementation tests on a temperature-sensitive revertant Forced heterokaryons wereconstructed between a double mutant inos acu-3 (115 R6) A strain (isolated in the course of the genetic analysis described in the next section) and two different acu-3 mutants of the original series, acu-3 (22) A and acu-3 (38)A. These heterokaryons grew on acetate medium without inositol supplement at 25" at thewild-type rate but failed to grow at all on the same medium at 37". Thus acu-3 (115 R6) shows no complementation with either of the ICR-negative acu-3 mutants tested ; neither is its expression altered in the heterokaryons. The R6 phenotype will be represented by symbol a~u -3~~ a usage which receives some justification from the following results. Spores from inos a~u -3~
x STA were germinated on supplemented sucrose medium at 2 5 O , and 39 spores were tested to determine their genotype. An a~u -3~ inos+ strain from this first cross was then mated with the double mutant asp inos; 240 germinated spores were picked at random and analysed for the presence of acu-3, acu-f, inos and asp. Germination from this cross was about 80 %.
No acu-3 cultures of the original non-temperature-sensitive type were obtained and nearly half the cultures were a~u -3~. The recombination between asp/acu-jt, a~u -3~/ inos and asplinos may be compared with the recombination frequencies previously obtained (Flavell & Fincham, 1967a ) between acu-3, inos and asp.
The results in Table 4 indicate that the further mutation in a~u -3~ is at least close to the original acu-3 mutation and, in all likelihood, within the same gene.
DISCUSSION
The production of an altered ICL by each of two kinds of acu-3 revertants is strong evidence that acu-3 is indeed the structural gene for ICL. Both the mapping and the complementation data are consistent with this view. It remains possible that the 'reverse' mutation in R6 activated a normally inactive gene closely linked to acu-3 coding for a separate and more labile species of ICL. It is also not formally ruled out that the R 6 mutant could carry a closely linked dominant (or cis-dominant) suppressor, perhaps resulting in the reading of a nonsense codon as a mis-sense codon, though the high efficiency of suppression which would have to be postulated in this case would be
